We formulate AdS 2 higher spin gravity as BF theory with fields taking values in sl(N, R) algebra treated as higher spin algebra. The theory is topological and naturally extends the Jackiw-Teitelboim gravity model so as to include higher spin fields. The BF equations linearized about AdS 2 background are interpreted as describing higher spin partially-massless fields of maximal depth along with dilaton fields. It is shown that there are dual metric-like formulations following from the original linearized BF higher spin theory. The duality establishes a dynamical equivalence of the metric-like field equations that can be given either as massive scalar field equations or as conservation conditions for higher spin currents.
Introduction
Two-dimensional gauge systems including generally covariant theories and those with higher rank fields strike a balance between descriptive simplicity and nontrivial content. Basically, this can be explained by that in two dimensions, unlike in higher dimensions, only scalar or spinor modes can propagate. It follows that some of gauge systems are topological while others may exhibit a quite complicated dynamical structure which encodes matter modes. Both cases are intrinsically related because the matter can interact via topological gauge fields, while matter modes themselves can be represented as particular components of gauge fields. This is most clearly illustrated by the massive Schwinger model of fermions interacting via topological Maxwell field, or by the Liouville field originating as the metric component in the conformal gauge.
A prominent example of topological gauge systems is the Jackiw-Teitelboim gravity model [1, 2] which replaces the standard gravitation theory. Recall that in two dimensions Einstein tensor vanishes identically so that the simplest alternative is given by diffeomorphism invariant equation of motion of the form
where R is the Ricci scalar curvature built of the metric field g mn (x), while Λ is the cosmological constant. 2 The above theory is obviously non-Lagrangian since one has a single equation for three variables. Adding an auxiliary scalar field φ(x) allows one to introduce the variational principle so that the resulting local action describes a particular dilaton gravity. The theory is however topological and contains no local degrees of freedom. At the same time, AdS 2 spacetime and black hole type objects are solutions of the Jackiw-Teitelboim model [3, 4] .
The main purpose of this paper is to elaborate a higher spin generalization of pure gravity system governed by equation (1.1). We introduce higher rank gauge fields and their equations of motion in such a way that the resulting gauge system contains the gravitational subsector. As a guiding principle, we employ the frame-like formulation instead of the metric-like one used to postulate equation (1.1). The idea behind the framelike approach originates from the Cartan formulation of the Einstein gravity where the metric is the symmetric component of the vielbein, while the antisymmetric component is a pure gauge by local Lorentz transformations.
Indeed, when extending to higher spins, the Jackiw-Teitelboim model viewed as a gauge theory of the AdS 2 global symmetry algebra o(2, 1) ∼ sl(2, R) with a BF local action [5] has conceptual advantages over alternative approaches. One considers BF action with fields taking values in sl(N, R) algebra with a finite parameter N. We show that such a theory can be interpreted as two-dimensional topological AdS 2 higher spin gravity theory. Note that conventional higher-spin metric-like fields g m 1 ...ms with s Lorentz indices appear as particular tensor components of sl(N, R) gauge connection rewritten in o(1, 1) ⊂ o(2, 1) ⊂ sl(N, R) manifestly Lorentz covariant basis. Other components are either auxiliary or pure gauges. We find that the set of local fields over AdS 2 background consists of gauge fields with spins s = 2, 3, ..., N and masses m On going from the original BF formulation linearized over AdS 2 space to the metric-like formulation one finds out that there are two different but dynamically equivalent forms 1 Manifold M 2 is a general two-dimensional space-time with local coordinates x m , Lorentz world indices run m, n = 0, 1, Lorentz fiber indices run a, b = 0, 1, o(2, 1) fiber indices run A, B, C = 0, 1, 2, o(2, 1) invariant metric is η AB = (+ − −). The Levi-Civita tensor ǫ ABC is normalized as ǫ 012 = +1. Twodimensional anti-de Sitter spacetime AdS 2 has a radius L and a signature (+−), so that the cosmological constant is Λ = −1/L 2 . The Levi-Civita tensor ǫ mn is normalized as ǫ 01 = +1. 2 The Riemann tensor in two dimensions has only a scalar curvature component as one can see from the identity ǫ mn ǫ kl R mn,kl = 2R. 3 The dilaton sector comprising 0-form fields of the BF formulation will be analyzed elsewhere [16] .
of the metric-like theory. In particular, it turns out that the gauge sector of the quadratic theory can be dually represented either by massive scalar equations or by conservation conditions for higher spin currents. Both scalar/current equations are invariant with respect to on-shell symmetries/improvements that guarantee the absence of local degrees of freedom.
While the BF theories under consideration are topological, we have in mind to study AdS 2 models with local degrees of freedom interacting via higher spin topological fields. Such an interacting theory will contain at least cubic field-current interactions of the form
where Ω m are some Lorentz spin-s gauge fields, while J m are conserved Lorentz spin-s currents built of matter fields. 4 We suggest that the field-current duality mentioned above will play an important role in the analysis of the higher spin field-current couplings in AdS 2 space. It follows that one of the aims of the present paper is to classify possible higher spin gauge fields in AdS 2 space that may couple to conserved higher spin currents.
The BF higher spin extension
Gravitational fields in two dimensions can be identified with o(2, 1) connection 
where the curvature is given by
The equations of motion following from (2.1) are The BF frame-like equations of motion are dynamically equivalent to the metric-like equations of original Jackiw-Teitelboim model. In particular, the original equation (1.1) 4 A particular example of such a d = 2 higher spin model has been proposed by Vasiliev [6] . Remarkably, it is formulated as BF theory with fields taking values in some infinite-dimensional algebra, and up to now this is the only example of fully non-linear higher spin gauge theory with local degrees of freedom formulated at the action level.
5 Note that the basis elements can be equivalently represented in the dualized form as T A = is identified with one component of the curvature (2.2), while other two components are constraints (see [5] for more details). Despite the general covariance, the theory describes a scalar Liouville mode that follows from equation (1.1) in the conformal gauge. However, the theory is topological because the resulting Liouville equation possesses a residual coordinate invariance that gauges away all functional freedom of the solutions, see, e.g., [7] .
The higher spin generalization of the theory (2.1) is straightforward. Two-dimensional BF theory with A-valued fields, where A = sl(N, R) can be considered as particular higher spin gauge theory. In order to introduce higher spin gauge fields one decomposes the adjoint of sl(N, R) algebra into totally symmetric irreps of AdS 2 spacetime global symmetry algebra sl(2, R) ≈ o(2, 1). For instance, in the case of A = sl(3, R) the basis elements T α labelled by α = 1, ..., 8 can be equally rearranged as T A ⊕ T (AB) with A, B = 0, 1, 2, i.e., as a direct sum of rank-1 and rank-2 totally symmetric and traceless sl(2, R) algebra tensors. In particular, respective one-form connections are identified with framelike fields of spins 2 and 3. The analogous construction has been used in the context of 3d Chern-Simons higher spin theory with algebra A ⊕ A, where A = sl(3, R) [8, 9] .
It follows that Lie algebra sl(N, R) for N = 2, 3, ... can be interpreted as a finitedimensional higher spin algebra in two dimensions provided that its basis elements are organized as follows
where T A 1 ...A k are rank-k totally symmetric and traceless sl(2, R) algebra tensors,
It is worth noting that the decomposition (2.3) comes from the principal embedding of sl(2, R) ⊂ sl(N, R).
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Introduce differential 0-form and 1-form fields taking values in A = sl(N, R) with basis elements (2.3)
Expansion coefficients in the higher spin algebra basis elements (2.3) are to be identified as higher spin fields. They satisfy o(2, 1) irreducibility conditions of the form (2.4).
Let us define AdS 2 higher spin gravity by the following BF action
with curvature two-forms given by R
is the Lie bracket in A evaluated in basis (2.3), and g is a dimensionless coupling constant. The action (2.6) is invariant under the sl(N, R) gauge transformations
where are the zero-curvature equation and the covariance constancy equation
where D m = ∂ m + W m is a covariant derivative with 1-form connection W m given by (2.5). The covariance constancy equation involves both 0-form and 1-form fields, while the zero-curvature equation forms an independent gauge sector of the theory that can be analyzed separately. Let us emphasize that solutions of the zero-curvature equation are given locally by pure gauge 1-form fields. For the case of finitely many gauge fields this observation guarantees that the theory is topological and therefore contains no local degrees of freedom. However, in the next section we explicitly examine the gauge sector in the free field approximation to provide a particular physical interpretation of topological modes.
3 Linearized higher spin dynamics in AdS 2 space
The higher spin theory (2.6) contains a gravitational sector described by the JackiwTeitelboim action. The gravitational fields are singled out by setting all higher spin fields to zero except for those taking values in sl(2, R) subalgebra. This particular truncation is obviously consistent. At the same time, AdS 2 space is the ground state of the theory since it solves gravitational equations (1.1).
Since the action (2.6) is non-linear containing at most cubic terms ∼ ΨW 2 , one can consider the perturbation theory over a particular solution. To this end introduce 1-form W 0 describing AdS 2 spacetime and 0-form Ψ 0 = 0 as the background of the theory, so that all fields are decomposed as W = W 0 + Ω and Ψ = Ψ 0 + Φ, where Ω and Φ are fluctuations over the background. The background fields W 0 and Ψ 0 obviously solve BF higher spin equations (2.8). Similarly, the 2-form curvatures are expanded as R = R 0 + R + ..., where R 0 ≡ R(W 0 ) is the zero-curvature gravitational constraint (2.2), while R is the linearized curvature and the ellipsis denote second order corrections.
In [12, 13, 14] . It follows that in AdS 2 space all possible higher spin s > 2 fields are exhausted by "topological partially-massless" fields of maximal depth. The BF equations (2.8) linearized around AdS 2 background space decouple into a direct sum of N − 1 independent subsectors
3) In what follows, we analyze a set of topological metric-like fields encoded in the gauge sector described by equations (3.3).
To identify the dynamical content of equations (3. i.e., totally symmetric and traceless with respect to the Minkowski tensor η ab . Assuming that Lorentz indices a i are symmetrized with a unit weight, we find that the component form of (3.1) is given by The analysis of equations (3.7) for spin s > 1 is more intricate because there are more different rank fields and their gauge transformations including both differential and algebraic symmetry parameters. All fields entering equations of motion (3.7) can be divided into three subsets consisting of dynamical fields, Stueckelberg fields, and auxiliary fields. 8 It turns out that such a triple decomposition of the original field space can be done in two different ways. In the following sections we explicitly demonstrate how it works in the spin-2 case, and then briefly generalize to arbitrary spins.
Spin-2 example
In the spin s = 2 case fields ω a m and ω m are identified with the zweibein and Lorentz spin connection (more precisely, with their fluctuations over AdS 2 values h a m and w m ). Field 8 As usual, Stueckelberg fields are assumed to be set to zero by virtue of their algebraic gauge transformations, while auxiliary fields are expressed via dynamical fields. Despite the absence of local degrees of freedom we keep using the term "dynamical fields" to designate independent fields of the theory.
equations read off from (3.7) and (3.6) at s = 2 The standard choice of dynamical fields is achieved by using the gauge parameter ξ as the Stueckelberg one to gauge away the trace component of ω a m .
9 To this end, using the AdS 2 background frame h a m one converts world indices into fiber ones and then decomposes ω a m into three o(1, 1) irreducible components as follows η abω , so that its traceless and trace parts are given by ω (ab) andω. Field ϕ ab is then identified as dynamical field with the gauge symmetry transformation δϕ ab = ∇ a (ǫ b c ξ c ) + ∇ b (ǫ a c ξ c ) (cf. our comments below (3.10)). Simultaneously, one considers equation (3.9) as the constraint which allows one to express auxiliary field ω m via dynamical field ϕ ab .
Equation
2 AdS 2 ϕ+ 2Λϕ = 0, where AdS 2 is the wave operator for the AdS 2 metric, and ϕ = η ab ϕ ab . Obviously, this is the Jackiw-Teitelboim equation (1.1) linearized around AdS 2 background. Imposing the conformal gauge which in our case says that the traceless part of ϕ ab is set to zero, one is left with ϕ subjected to the residual equation
The above equation is invariant under the residual gauge transformation δϕ = ǫ ab ∇ a ξ b with a parameter satisfying the Killing equation
Therefore, one is left with the scalar field which is massive gauge field.
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It is crucial that for Λ = 0 the above choice of dynamical fields is not unique. Another option is to use the gauge parameter ξ a as a Stueckelberg one to completely gauge away 9 Scalar parameter ξ can be dualized into an antisymmetric parameter ξ [ab] . Obviously, this choice corresponds to the standard gauge fixing of local Lorentz symmetry.
10 Recall here the well-known example of a scalar gauge field given by the trace of the metric field.
the field ω m (3.10). Then, from (3.8) and (3.11) one derives the algebraic constraint Λω = 0, which says that the antisymmetric component of ω a m (3.11) is set to zero. It follows that a dynamical field is again a traceful symmetric tensor φ ab = ω (ab) + η abω , but now its traceless and trace components are identified with ω (ab) andω. The gauge transformations now read δφ
Note that it reproduces the gauge transformation of a spin-2 partially-massless field.
Equation ǫ
mn R a mn = 0 (3.9) is dynamical. Imposing the gauge η ab φ ab = 0 one is left with a traceless component subjected to the residual equation
where
c is symmetric and traceless tensor field. A residual gauge invariance of (3.13) is given by
with the scalar parameter satisfying differential constraint ( AdS 2 − 2Λ)ξ = 0. It follows that equation (3.13) can be seen as the conservation condition for a rank-2 current J ab on the AdS 2 space.
Standard realization
By the standard realization we mean using a set of dynamical fields that generalize the metric-like variable of the spin-2 case. A careful analysis shows that all higher rank equations in (3. Quite analogously, one shows that the only independent gauge parameter is ξ a 1 ...a s−1 , while all others are treated as Stueckelberg parameters or auxiliary parameters expressed via derivatives of ξ a 1 ...a s−1 . The leftover gauge symmetry with parameter ξ a 1 ...a s−1 allows one to impose the higher spin gauge, 14) which is legitimate since any o(1, 1) rank-k irreducible tensor for k > 0 has just two independent components. Then, the only dynamical field is given by the scalar ϕ. Imposing the higher spin gauge (3.14) and solving the constraints in (3.7) one finds that the leftover equation reduces to the massive scalar equation with a particular value of mass-like term
This is invariant under the residual gauge transformations, 16) provided that the gauge parameter satisfies the generalized Killing equation
..a s−1 )c = 0, which is simply the stability transformation for the higher spin gauge (3.14). The massive scalar field (3.15) endowed with higher order derivative transformations for the scalar parameter (3.16) can be treated as topological partiallymassless field of spin s and the maximal depth.
Dual realization
By the dual realization we mean using a set of dynamical fields that generalize the currentlike variable of the spin-2 case. Quite analogously to the standard realization one shows that all higher rank equations in ( An independent gauge parameter is the scalar ξ, while the gauge transformations read 17) where the ellipsis refers to proper symmetrizations and trace terms. Using gauge symmetry (3.17) one can impose the scalar gauge φ = 0 along with the residual gauge parameter equation
In the scalar gauge, the only dynamical field is the rank-s component φ a 1 ...as . Then, solving the constraints in (3.7) one finds that the independent dynamical equation is given by 18) where dualized tensor field J na 1 ...a s−1 is totally symmetric and traceless. One identifies J a 1 ...as with spin-s conserved current on the AdS 2 space, while higher order derivative transformations in (3.17) are "improvements". On the other hand, the "improvement" transformation can treated as the gauge transformation of a spin-s partially massless field of maximal depth.
Conclusions and outlooks
In this paper we have introduced AdS 2 higher spin gravity defined via topological BF action with fields taking values in sl(N, R) algebra. We identified the spectrum of higher spin gauge field fluctuations over AdS 2 background, and for Λ = 0 found out their dual description in terms of higher rank conserved currents.
Note that the proposed duality between two metric-like formulations guarantees that the two realizations describe the same dynamical system. Indeed, in order to single out in-dependent fields and parameters we used Stueckelberg algebraic symmetry and eliminated auxiliary fields of the frame-like formulation. Whence, two metric-like formulations (3.15) and (3.18) coming from the original (linearized) BF system are dynamically equivalent. This type of duality is similar to that one in the WZNW theory with the equations of motions for a group variable g(x) given by a second order field equation ∂ m (g −1 ∂ m g) = 0. At the same time, introducing the current J m = g −1 ∂ m g one equivalently arrives at the first order conservation condition ∂ m J m = 0 (e.g., see [15] ).
It is instructive to compare linearizations of AdS 2 higher spin theory for A = sl(N, R) algebra and 3d Chern-Simons higher spin theory for A ⊕ A algebra. In the 3d case, choosing AdS 3 spacetime as the background for higher spin fields yields Fronsdal equations of motion for massless gauge fields with spins s = 2, ..., N that describe, however, no local degrees of freedom [8, 9] . In the 2d case, the same analysis does not yield Fronsdal equations, although the system is also topological. Instead, in the higher spin gauge which generalizes the conformal gauge in the gravity, the dynamical equations in the standard realization are scalar field equations with higher order derivative gauge symmetries guaranteeing the absence of propagating modes. These gauge systems can be interpreted as two-dimensional topological partially-massless fields.
It is remarkable that BF higher spin theory considered in the present paper has been in fact formulated within the unfolded approach to higher spin dynamics. In [16] we consider the theory from the unfolded formulation perspective and use the cohomological technique to analyze BF equations of motion. In particular, independent parameters, fields and equations of the standard and the dual realizations elaborated in sections 3.2 and 3.3 have a streamlined interpretation as cohomology elements of the so-called σ − and σ + nilpotent operators acting in the field space. Also, using the cohomological machinery we analyze equations for 0-forms which were not considered in the present paper.
The proposed BF higher spin theory can be extended so as to include an infinite tower of higher spin fields provided a gauge algebra A is chosen to be one of infinite-dimensional higher spin algebras [17, 16, 18] . The resulting theory is also topological. Recall that BF higher spin theory can however have local degrees of freedom provided that fields take values in particular infinite-dimensional associative algebra [6] .
